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ZLOGILUH LQ $SULO  WKHUHIRUH GDWD FROOHFWHG LQ VXPPHU DQG
DXWXPQZHUHH[FOXGHGIURPDQDO\VHV
9HJHWDWLRQ FRYHU LQ WKH XQEXUQHG FDWFKPHQWV ZDV
SUHGRPLQDQWO\ D PL[WXUH RI (ULRSKRUXP VSS FRWWRQ JUDVV
5LYHU(FRV\VWHPVDQG9HJHWDWLRQ%XUQLQJ
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&DOOXQD YXOJDULV KHDWKHU DQG 6SKDJQXP VSS PRVVHV $W
WKH EXUQHG FDWFKPHQWV UHFHQW EXUQ SDWFKHV  \HDUV VLQFH
EXUQLQJ ZHUH SUHGRPLQDQWO\ H[SRVHG VRLOV ZLWK RQO\ D VPDOO
FRYHU RI 6SKDJQXP DQG &DOOXQD VKRRWV 2OGHU EXUQ SDWFKHV
!\HDUVVLQFHEXUQLQJZHUHGRPLQDWHGE\&DOOXQDDWYDULRXV
VWDJHVRIJURZWK
)LHOGVDPSOLQJ
5LYHUV ZHUH YLVLWHG VL[ WLPHV HDFK RYHU D SHULRG RI 
PRQWKV RQFH LQ VSULQJ 0DUFK$SULO VXPPHU -XQH DQG
DXWXPQ6HSW2FW LQERWKDQG)RUHDFKRIWKHVL[
VDPSOH VHDVRQV WKH WHQ ULYHUV ZHUH YLVLWHG ZLWKLQ DQ
DSSUR[LPDWHO\ RQH ZHHN SHULRG WR PLQLPLVH LQWHUVLWH
GLIIHUHQFHV GXH WR WHPSRUDO G\QDPLFV )LYH 6XUEHU VDPSOHV
P P PHVK IRU EHQWKLF PDFURLQYHUWHEUDWH ODUYDH
ZHUHFROOHFWHGUDQGRPO\IURPULIIOHKDELWDW LQHDFKULYHUGXULQJ
HDFKRI WKHVL[YLVLWV6DPSOHVZHUHSUHVHUYHG LPPHGLDWHO\ LQ
 HWKDQRO DQG UHWXUQHG WR WKH ODERUDWRU\ IRU VRUWLQJ
LGHQWLILFDWLRQ DQG FRXQWLQJ 0DFURLQYHUWHEUDWHV ZHUH LGHQWLILHG
XQGHU D OLJKW PLFURVFRSH [ PDJQLILFDWLRQ WR VSHFLHV OHYHO
IRU PRVW WD[D PDLQO\ (SKHPHURSWHUD 3OHFRSWHUD DQG
7ULFKRSWHUD ZLWK &ROHRSWHUD LGHQWLILHG PDLQO\ WR JHQXV
'LSWHUD WR )DPLO\VXEIDPLO\ DQG 2OLJRFKDHWD WR FODVV XVLQJ
VWDQGDUG 8. LGHQWLILFDWLRQ NH\V >VHH  DQG UHIHUHQFHV
WKHUHLQ@%HQWKLFSDUWLFXODWHRUJDQLFPDWWHU320ZDVUHWDLQHG
IURPHDFK6XUEHUVDPSOHWKHQVRUWHGLQWRILQH)320PP
DQGFRDUVH&320!PPIUDFWLRQVE\VLHYLQJWKHQDVKHGWR
GHWHUPLQHDVKIUHHGU\PDVV$)'0&320DQG)320GDWD
ZHUHPXOWLSOLHGWRDPDVVJSHUP
$WHDFKULYHUDVXLWHRIULYHUHQYLURQPHQWDOYDULDEOHVZDV
FROOHFWHG RQ HDFK YLVLW :DWHU WHPSHUDWXUH DQG HOHFWULFDO
FRQGXFWLYLW\ ZHUH PRQLWRUHG FRQWLQXRXVO\ XVLQJ &DPSEHOO
6FLHQWLILF &6$ VHQVRUV FRQQHFWHG WR &DPSEHOO 6FLHQWLILF
&5 GDWDORJJHUV  PLQ UHVROXWLRQ WKHQ YDOXHV
FRUUHVSRQGLQJ WR VDPSOLQJ WLPHV ZHUH H[WUDFWHG :DWHU
VDPSOHV P/ZHUHFROOHFWHG IURPHDFK ULYHU WKHQSDVVHG
WKURXJK D P ILOWHU LQ WKH ODERUDWRU\ EHIRUH DQDO\VLQJ IRU
FKORULGH &O VRGLXP 1D QLWUDWH 12 VXOSKDWH 62
DOXPLQLXP $O FDOFLXP &D LURQ )H SRWDVVLXP .
PDJQHVLXP 0J PDQJDQHVH 0Q VLOLFD 6L DQG GLVVROYHG
RUJDQLF FDUERQ '2& $QLRQV ZHUH TXDQWLILHG E\ LRQ
FKURPDWRJUDSK\ 'LRQH[ ,&6 FDWLRQV DQG PHWDOV E\
,&32(63HUNLQ(OPHU'9DQG'2&E\WKHUPRFDWDO\WLF
R[LGDWLRQ$QDO\WLN-HQD0XOWL1&7KHVHGDWDZHUHXVHG
WRFDOFXODWHDVXPRIDFLGDQLRQV&O1262Ȉ$$DQGVXP
RIEDVHFDWLRQV&D.0J1DȈ%&S+ZDVPHDVXUHGXVLQJ
D +DFK +4G SRUWDEOH SUREH 6XVSHQGHG VHGLPHQW 66
FRQFHQWUDWLRQ ZDV HVWLPDWHG IURP WKH GU\ ZHLJKW RI VHGLPHQW
UHWDLQHG RQ ILOWHU SDSHUV 7KH IXOO VXLWH RI ULYHU HQYLURQPHQWDO
GDWD ZDV QRW FROOHFWHG LQ VSULQJ  WKHUHIRUH DQDO\VLV RI
PDFURLQYHUWHEUDWH DVVRFLDWLRQV ZLWK WKHVH GDWD ZDV
FRQVWUDLQHGWRWKHODWWHUILYHFROOHFWLRQV
'DWDDQDO\VLV
)RU HDFK UHSOLFDWH 6XUEHU VDPSOH PDFURLQYHUWHEUDWH
FRPPXQLW\ VWUXFWXUH ZDV VXPPDULVHG E\ FDOFXODWLQJ D
ORJWRWDO DEXQGDQFH  SHU P LH GHQVLW\ E WD[RQRPLF
ULFKQHVV DQG F 6LPSVRQ¶V GLYHUVLW\ >@ $GGLWLRQDOO\
5LYHU(FRV\VWHPVDQG9HJHWDWLRQ%XUQLQJ
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UHODWLYHDEXQGDQFHVZHUHFDOFXODWHGIRUNH\PDFURLQYHUWHEUDWH
JURXSV (SKHPHURSWHUD 3OHFRSWHUD 7ULFKRSWHUD
&KLURQRPLGDH QRQFKLURQRPLG 'LSWHUD DQG 2WKHU WD[D >LH
WKRVH QRW LQFOXGHG LQ WKH ILYH QDPHG JURXSV@ DQG IXQFWLRQDO
IHHGLQJJURXSV))*VZLWKGHVLJQDWLRQVIRUWKHODWWHUIROORZLQJ
0RRJ >@ )RU WKH &KLURQRPLGDH ZH LGHQWLILHG VXE VDPSOHV
DQG IRXQG RQO\ WKH FROOHFWRUJDWKHUHU VXEIDPLOLHV 'LDPHVLQDH
DQG 2UWKRFODGLLQDH $FWXDO DEXQGDQFHV RI &KLURQRPLGDH
6LPXOLLGDHDQG1HPRXULGDHZHUHFROODWHGIRUDQDO\VLVDVWKHVH
JURXSV KDYH EHHQ VXJJHVWHG SUHYLRXVO\ DV IDPLOLHV ZKLFK
W\SLFDOO\LQFUHDVHLQFDWFKPHQWVPRGLILHGE\ILUH>@
0XOWLYDULDWH DQDO\VLV RI YDULDQFH 0$129$ LQ 6366 Y
,%0 6366 6WDWLVWLFV 1HZ <RUN 86$ ZDV XVHG WR WHVW IRU
HIIHFWV RI PDQDJHPHQW VHDVRQ DQG WKHLU LQWHUDFWLRQ RQ DOO
PDFURLQYHUWHEUDWHPHWULFVDVZHOO DV&320DQG)320 IXOO\
UHSOLFDWHGGDWD3ULRUWRDQDO\VLVZHFRQILUPHGWKDWGHSHQGHQW
YDULDEOHV IRU HDFK ULYHU GLG QRW GLVSOD\ VLJQLILFDQW WHPSRUDO
DXWRFRUUHODWLRQ DQG 3HDUVRQ FRUUHODWLRQ FRHIILFLHQWV ZHUH
FDOFXODWHG IRU DOO SDLUV RI GHSHQGHQW YDULDEOHV WR FRQILUP
PRGHUDWH  DVVRFLDWLRQ >@ 'LIIHUHQFHV EHWZHHQ
LQGLYLGXDOULYHUVZHUHQRWDVVHVVHGZLWK0$129$DVWKHPDLQ
IRFXV RI WKH VWXG\ ZDV RQ PDQDJHPHQW HIIHFWV $OO GDWDVHWV
ZHUH WHVWHG IRU QRUPDOLW\ $QGHUVRQ'DUOLQJ WHVW DQG
KRPRVFHGDVWLFLW\ /HYHQH WHVW ZLWK DGGLWLRQDO YLVXDO
REVHUYDWLRQRIUHVLGXDOSORWVDQG ORJVTXDUHURRWRUDUFVLQH
WUDQVIRUPDWLRQZKHUHQHFHVVDU\
2QHZD\ $QDO\VLV RI 6LPLODULW\ $126,0 EDVHG RQ %UD\
&XUWLV GLVVLPLODULWLHV ZDV XQGHUWDNHQ RQ PDFURLQYHUWHEUDWH
FRPPXQLW\ FRPSRVLWLRQGDWD WRGHWHUPLQH LI WKHPDJQLWXGHRI
GLIIHUHQFH EHWZHHQ EXUQHG DQG XQEXUQHG SHDWODQGV ZDV
JUHDWHU WKDQ ZLWKLQ WKH WZR LQGLYLGXDO ODQG PDQDJHPHQW
FDWHJRULHV $QDO\VLV ZDV XQGHUWDNHQ XVLQJ WKH 9HJDQ 
SDFNDJH LQ 5 >@ ZLWK  SHUPXWDWLRQV 1RQ 0HWULF
0XOWLGLPHQVLRQDO 6FDOLQJ 10'6 ZDV DOVR XQGHUWDNHQ LQ WKH
9HJDQ SDFNDJH WR RUGLQDWH PHDQ PDFURLQYHUWHEUDWH
DEXQGDQFHGDWD ORJ [ WUDQVIRUPHG IRUHDFK ULYHUVHDVRQ
FRPELQDWLRQ%UD\&XUWLVGLVVLPLODULWLHVZHUHXVHGDQGWKHEHVW
WZRGLPHQVLRQDO VROXWLRQ ZDV UHWDLQHG IROORZLQJ XS WR 
UHVWDUWV5LYHUHQYLURQPHQWDOYDULDEOHYHFWRUVZHUHILWWHGWRWKH
VROXWLRQ SRVWKRF XVLQJ WKH HQYILW SURFHGXUH ZLWK 
SHUPXWDWLRQV 7KLV DSSURDFK ZDV SUHIHUUHG RYHU GLUHFW
RUGLQDWLRQ DSSURDFKHV VXFK DV 5'$&&$ EHFDXVH 10'6
PDNHV QR DVVXPSWLRQV DERXW WKH XQGHUO\LQJ GDWD VWUXFWXUH
DQG EHWWHU UHSUHVHQWV WKH GLVWDQFHV EHWZHHQ VDPSOHV LQ
PXOWLYDULDWHRUGLQDWLRQVSDFH>@
5HVXOWV
0DFURLQYHUWHEUDWH DEXQGDQFH UDQJHG IURP  WR DOPRVW
SHUPDQGZH LGHQWLILHG WD[D IURPWKHVDPSOHV
FROOHFWHG DV SDUW RI WKH VWXG\ 7DEOH  )LJXUH  7KH
PD[LPXPULFKQHVVLQLQGLYLGXDO6XUEHUVDPSOHVZDVKLJKHVWRQ
DYHUDJH LQXQEXUQHG ULYHUVDQG WKHPD[LPXPQXPEHURI WD[D
SHU VDPSOH ZDV  )LJXUH  6LPSVRQ¶V GLYHUVLW\ ZDV ORZHU
RQ DYHUDJH DQG PRUH YDULDEOH ,45 LQ EXUQHG ULYHUV
0$129$LQGLFDWHGWKDWRYHUDOOWKHUHZHUHVLJQLILFDQWHIIHFWVRI
PDQDJHPHQW :LONV¶ ȁ    )  3 ȘS 
VHDVRQ:LONV¶ȁ ) 3ȘS DQGWKHLU
LQWHUDFWLRQ :LONV¶ ȁ    )  3 ȘS  RQ
ULYHU PDFURLQYHUWHEUDWH FRPPXQLWLHV ,Q SDUWLFXODU EXUQHG
ULYHUV KDG VLJQLILFDQWO\ ORZHU WD[RQRPLF ULFKQHVV DQG
6LPSVRQ¶VGLYHUVLW\EXWWKHUHZDVQRGLVFHUQLEOHHIIHFWRQWRWDO
LQYHUWHEUDWH GHQVLW\ $126,0 UHYHDOHG D VLJQLILFDQW HIIHFW RI
EXUQLQJ RQ WKH PDFURLQYHUWHEUDWH FRPPXQLW\ FRPSRVLWLRQ
5 S 
$W WKH SRSXODWLRQ OHYHO 3OHFRSWHUD DQG &KLURQRPLGDH ZHUH
QXPHULFDOO\ WKH PRVW DEXQGDQW JURXSV DFURVV DOO RI WKH
VDPSOHV DOWKRXJK (SKHPHURSWHUD ZHUH QRWDEO\ DEXQGDQW LQ
XQEXUQHGULYHUV)LJXUH7KHUHZHUHVRPHREYLRXVVHDVRQDO
YDULDWLRQV ZLWK (SKHPHURSWHUD DQG &KLURQRPLGDH DFFRXQWLQJ
IRU D JUHDWHU SURSRUWLRQ RI WKH FRPPXQLWLHV LQ VXPPHU DQG
3OHFRSWHUD EHLQJ PRUH DEXQGDQW LQ DXWXPQ DQG VSULQJ
VDPSOHV 5HODWLYH DEXQGDQFH RI (SKHPHURSWHUD &ROHRSWHUD
DQG RWKHU WD[D ZHUH DOO VLJQLILFDQWO\ UHGXFHG LQ EXUQHG ULYHUV
7DEOH)LJXUH,QFRQWUDVWEXUQLQJZDVDVVRFLDWHGZLWKD
VLJQLILFDQWLQFUHDVHLQWKHUHODWLYHDEXQGDQFHRI&KLURQRPLGDH
7DEOH  )LJXUH  $FWXDO DEXQGDQFHV RI &KLURQRPLGDH DQG
1HPRXULGDH ZHUH DOVR VLJQLILFDQWO\ HOHYDWHG LQ EXUQHG ULYHUV
7DEOH  )LJXUH  )RU WKH IXQFWLRQDO IHHGLQJ JURXSV WKHUH
ZHUH VLJQLILFDQWO\ KLJKHU UHODWLYH DEXQGDQFHV RI JUD]HUV DQG
ILOWHUHUV LQ XQEXUQHG ULYHUV DQG PRUH SUHGDWRUV LQ EXUQHG
ULYHUV $GGLWLRQDOO\ WKHUH ZDV HYLGHQFH IRU D VHDVRQDO
LQIOXHQFH RQ WKH PDJQLWXGH RI EXUQLQJ HIIHFWV RQ WD[RQRPLF
ULFKQHVV DFWXDO &KLURQRPLGDH DEXQGDQFH DQG WKH UHODWLYH
DEXQGDQFH RI 3OHFRSWHUD &KLURQRPLGDH JUD]HUV JDWKHUHUV
VKUHGGHUVDQGSUHGDWRUV
)RU&320DQG)320WKHUHZHUHRYHUDOOVLJQLILFDQWHIIHFWV
RI PDQDJHPHQW :LONV¶ ȁ    )  3
ȘS  VHDVRQ :LONV¶ ȁ    )  3
ȘS  DQG WKHLU LQWHUDFWLRQ :LONV¶ ȁ    ) 
3  ȘS  7DEOH  0HDQ FRQFHQWUDWLRQV RI )320
ZHUHDOPRVW[KLJKHUDQG&320DOPRVW[KLJKHULQEXUQHG
FRPSDUHG WR XQEXUQHG ULYHUV 7KH 10'6 DQDO\VLV RYHUDOO
5  VWUHVV  VKRZHG D VHSDUDWLRQ EHWZHHQ EXUQHG
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EHWZHHQEXUQHGDQGXQEXUQHGVWUHDPV
,QSUHYLRXVVWXGLHVRISHDWODQGPDQDJHPHQWHIIHFWVRQULYHU
HFRV\VWHPV PD\IOLHV KDYH SURYHQ WR EH JRRG LQGLFDWRUV RI
KDELWDW FKDQJH >@ ,Q WKH SUHVHQW VWXG\ ZH W\SLFDOO\
REVHUYHG %DHWLV UKRGDQL WR EH WKH GRPLQDQW (SKHPHURSWHUD
WD[RQ LQ EXUQHG ULYHUV DOWKRXJK WKHUH ZHUH RFFDVLRQDO
FROOHFWLRQV RI /HSWRSKOHELD 3DUDOHSWRSKOHELD DQG 6LSKORQXUXV
VSS %DHWLV VSS KDYH EHHQ VHHQ WR EHQHILW IURP ZLOGILUH LQ
QRUWK $PHULFDQ ULYHUV DOWKRXJK WR D JUHDWHU H[WHQW WKDQ ZH
REVHUYHG >@ 7KHVH WD[D ZHUH DOVR SUHVHQW LQ XQEXUQHG
ULYHUVEXWRYHUDOOPD\IO\DVVHPEODJHVZHUHPRUHGLYHUVHDQG
LQFOXGHG 6HUDWHOOD LJQLWD YDULRXV KHSWDJHQLGV DQG $PHOHWXV
LQRSLQDWXV>@7KH(SKHPHURSWHUDFRXOGWKHUHIRUHEHDXVHIXO
JURXS IRU UDSLG IRFXVHG DVVHVVPHQWV RI WKH LPSDFWV RI
SUHVFULEHG YHJHWDWLRQ EXUQLQJ UDWKHU WKDQ IRFXVLQJ RQ ZKROH
PDFURLQYHUWHEUDWH FRPPXQLW\ UHVSRQVH 6LPLODU VXJJHVWLRQV
5LYHU(FRV\VWHPVDQG9HJHWDWLRQ%XUQLQJ
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D8QEXUQHGDQGE
%XUQHGFDWFKPHQWV'DWDIRUHDFKVHDVRQDUHDYHUDJHVRIWKHILYHULYHUVSHUPDQDJHPHQWFDWHJRU\
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KDYH EHHQ PDGH IRU XVLQJ (SKHPHURSWHUD SOXV VRPH RWKHU
PDFURLQYHUWHEUDWH JURXSV WR PRQLWRU WKH HIIHFWV RI DQG
UHFRYHU\IURPXSODQGDFLGLILFDWLRQDQGIRUHVWU\DFWLYLW\>@
,QFRQWUDVW WRGHFOLQHV LQ WKHDEXQGDQFHRI(SKHPHURSWHUD
DVSDUWRI+ZHH[SHFWHGWKDWGLVWXUEDQFHWROHUDQWRUJDQLVPV
VXFK DV &KLURQRPLGDH 6LPXOLLGDH DQG VRPH 1HPRXULGDH
ZRXOG LQFUHDVH LQ DEXQGDQFH LQ FDWFKPHQWV ZLWK YHJHWDWLRQ
EXUQLQJ 6XFK UHVSRQVHV KDYH EHHQ VHHQ ZKHUH IRUHVWU\
DFWLYLW\KDVDOWHUHGULYHUHFRV\VWHPHQYLURQPHQWVRQSHDWODQGV
LQ )LQODQG >@ DV ZHOO DV LQ SUHYLRXV VWXGLHV RI 8. XSODQGV
>@ +RZHYHU WKLV K\SRWKHVLV ZDV QRW VXSSRUWHG IRU WKH
6LPXOLLGDH SHUKDSV UHIOHFWLQJ RXU ILQGLQJ WKDW VXVSHQGHG
VHGLPHQW FRQFHQWUDWLRQ GLG QRW GLIIHU EHWZHHQ EXUQHG DQG
XQEXUQHG ULYHUV DW WKH WLPHV RI VDPSOLQJ FRPSDUHG ZLWK
SUHYLRXVSHDWODQGVWXGLHVZKHUH WKHVHILOWHUIHHGHUVDSSHDU WR
KDYH EHQHILWHG IURP PRUH DEXQGDQW RUJDQLF SDUWLFOHV LQ WKH
ZDWHU FROXPQ + ZDV VXSSRUWHG IRU WKH &KLURQRPLGDH DQG
1HPRXULGDH WKRXJK ZLWK ERWK IDPLOLHV GLVSOD\LQJ VLJQLILFDQWO\
HOHYDWHG DOPRVW IROG PHDQ DEXQGDQFH LQ EXUQHG ULYHUV
&KLURQRPLGDHUHODWLYHDEXQGDQFHUHDFKHGDQDYHUDJHRI
PD[  LQ EXUQHG ULYHUV FI DYHUDJH  PD[  LQ
XQEXUQHG DQG WKXV VKRZHG D VLPLODU SDWWHUQ WR WKRVH
REVHUYHGLQVWXGLHVRIZLOGILUHLQ<HOORZVWRQH86$ZKHUHWKH\
W\SLFDOO\ H[FHHGHG  LQ EXUQHG VLWHV EXW ZHUH  LQ
XQEXUQHGULYHUV>@
7KH LUUXSWLRQ RI &KLURQRPLGDH VHHQ LQ RXU VWXG\ PD\ KDYH
EHHQ D FRQVHTXHQFH RI FRPSHWLWLYH UHOHDVH RU WKH VLJQLILFDQW
LQFUHDVH LQ DYDLODELOLW\ RI EHQWKLF 320 *UHDWHU EHQWKLF 320
ERWKILQHDQGFRDUVHIUDFWLRQVLQEXUQHGULYHUV\VWHPVFDQEH
DWWULEXWHGWRWKHUHPRYDORIWKHWHUUHVWULDOYHJHWDWLRQFRYHUDQG
OLWWHU OD\HU E\ ILUH ZKLFK LQFUHDVHV WKH YXOQHUDELOLW\ RI WKH
XQGHUO\LQJ RUJDQLF VRLOV WR SK\VLFDO HURVLRQ >@ 7KH
UHVSRQVH GLG QRW DSSHDU WR EH D FRQVHTXHQFH RI SUHGDWRU
UHOHDVH DV K\SRWKHVLVHG E\ 5DPFKXQGHU HW DO >@ EHFDXVH
ZH REVHUYHG D VLJQLILFDQW EXW VPDOO LQFUHDVH LQ UHODWLYH
DEXQGDQFH RI WKLV IXQFWLRQDO JURXS LQ EXUQHG ULYHUV 0RUH
GHWDLOHG IRRG ZHE VWXGLHV ZRXOG KHOS WR GHWHUPLQH WKH
LPSRUWDQFHRIVXFKVSHFLHVLQWHUDFWLRQVLQSHDWODQGULYHUV
1HPRXULGDHDSSHDUWREHJHQHUDOO\UHVLOLHQWWRWKHHIIHFWVRI
ILUHLQULYHUFDWFKPHQWVZLWKRXUILQGLQJVVXSSRUWHGE\VWXGLHV
RIZLOGILUHE\9LHLUDHWDO >@ LQ1HZ0H[LFRDQGE\0LKXF	
0LQVKDOO >@ LQ <HOORZVWRQH 1DWLRQDO 3DUN ,W KDV DOVR EHHQ
QRWHG SUHYLRXVO\ WKDW 1HPRXULGDH DEXQGDQFH LQFUHDVHV LQ
ULYHUVDIIHFWHGE\SUHVFULEHGKHDWKHUEXUQLQJLQWKH8.XSODQGV
>@ 7KLV IDPLO\ RI VWRQHIOLHV LV JHQHUDOO\ FKDUDFWHULVHG E\
GLHWDU\IOH[LELOLW\XQLYROWLQHOLIHKLVWRU\VPDOOERG\VL]HDQGDQ
DELOLW\ WR OLYHZLWKLQ ILQHVHGLPHQWEXUURZVXQGHUFRQGLWLRQVRI
UHODWLYHO\ ORZS+>@7KHVHWUDLWVDUHFOHDUO\EHQHILFLDO LQ ILUH
GLVWXUEHG FDWFKPHQWV ZKHUH WKHUH PD\ EH FKDQJHV LQ EDVDO
IRRG DYDLODELOLW\ HJ SULPDU\ SURGXFHUV 320 DYDLODELOLW\
VLJQLILFDQWVHGLPHQWHURVLRQDQGGHSRVLWLRQLQULYHUVDVZHOODV
DOWHUDWLRQVWRZDWHUFKHPLVWU\
)XQFWLRQDOIHHGLQJJURXSUHVSRQVHWRSUHVFULEHG
YHJHWDWLRQEXUQLQJ
7KH IRXUWK K\SRWKHVLV + UHODWHG WR WKH H[SHFWDWLRQ WKDW
IXQFWLRQDO IHHGLQJ JURXSV ZRXOG EH GLIIHUHQW ZLWK EXUQLQJ EXW
RXUSUHGLFWLRQWKDWGHWULWLYRURXVJURXSVLHILOWHUHUVJDWKHUHUV
ZRXOG KDYH KLJKHU DEXQGDQFH LQ EXUQHG FDWFKPHQWV ZDV QRW
VXSSRUWHG7KHUHZHUHQRGLIIHUHQFHVLQJDWKHUHUVZKLOHILOWHUHU
UHODWLYHDEXQGDQFHZDVKLJKHVWLQXQEXUQHGULYHUVFRQWUDVWLQJ
ZLWKSUHYLRXVVWXGLHVRISHDWODQGEXUQLQJ>@+RZHYHULQWKLV
SUHYLRXV VWXG\ WKHUH ZDV QR HYLGHQW S+ UHGXFWLRQ LQ EXUQHG
FDWFKPHQWV LQ FRQWUDVW WR RXU ILQGLQJV /RZHU S+ FDQ DOWHU
GHWULWXVTXDOLW\ >@VR LWPD\EHWKDWVXFKDGLIIHUHQFH LQ WKH
EHQWKLF 320 FDQ DFFRXQW IRU RXU REVHUYDWLRQV )XUWKHU ZRUN
ZRXOGEHQHFHVVDU\ WRTXDQWLI\ WKLVEHFDXVHRXUDQDO\VHVGLG
QRWH[WHQGEH\RQGTXDQWLI\LQJGHWULWXVVWDQGLQJVWRFNDQGQRU
GLG LW FRYHUZDWHU TXDOLW\ YDULDELOLW\ WKURXJK WLPH LQ UHODWLRQ WR
IORZ UHJLPH :LWK UHVSHFW WR JUD]HUV RXU H[SHFWDWLRQ IRU +
WKDW WKHUHZRXOGEH IHZHU LQEXUQHGFDWFKPHQWVZDVXSKHOG
0RVW RI WKH JUD]HUV LQ RXU VWXG\ ZHUH PD\IOLHV WKHUHIRUH WKH
UHDVRQV IRU WKLV ILQGLQJ FDQ VHHPLQJO\ EH OLQNHG WR WKRVH
GLVFXVVHG DERYH LH DFLGLILFDWLRQ DQG UHODWHG ULYHU
HQYLURQPHQW FKDQJHV *UD]LQJ FDQ VWLOO RFFXU LQ DFLG ULYHUV
WKRXJK E\ JHQHUDOLVW GHWULWLYRUHKHUELYRUHV VXFK DV WKH
1HPRXULGDH ZKLFK ZHUH UHODWLYHO\ DEXQGDQW >@ )XUWKHU
ZRUN LV QHHGHG WR H[DPLQH EXUQLQJ HIIHFWV RQ SURGXFHU
ELRPDVVDEXQGDQFHGLYHUVLW\ EHIRUH LW FDQ EH GHWHUPLQHG
ZKHWKHU WKLV LV D ERWWRPXS HIIHFW OLQNHG WR GHSUHVVHG DOJDO
UHVRXUFHV >@ RU ZKHWKHU GLIIHUHQFHV LQ WKH ULYHU
HQYLURQPHQW ZHUH PRUH LPSRUWDQW IRU LQIOXHQFLQJ KHUELYRUHV
GLUHFWO\
&RQFOXVLRQ
7KLVVWXG\KDVSURYLGHGGHWDLOHGLQVLJKWVLQWRWKHVSDWLDODQG
VHDVRQDOG\QDPLFVRIPDFURLQYHUWHEUDWHFRPPXQLWLHVDQGWKHLU
DVVRFLDWLRQ ZLWK HQYLURQPHQWDO YDULDEOHV LQ ULYHU V\VWHPV
PDQDJHG E\ SUHVFULEHG YHJHWDWLRQ EXUQLQJ 7KH UHVXOWV KDYH
KLJKOLJKWHG WKDW EXUQLQJ LV OLQNHG WR GLIIHUHQFHV LQ
PDFURLQYHUWHEUDWH PHWULFV DW WKH FRPPXQLW\ DQG SRSXODWLRQ
OHYHO 7KHVH GLIIHUHQFHV ZHUH DVVRFLDWHG ZLWK ORZHU S+ DQG
&DDQGLQFUHDVHG$O)H6LDQG0QLQEXUQHGSHDWODQGULYHUV
6RPHRIWKHVHHQYLURQPHQWDOYDULDEOHVHJ$O)HKDYHEHHQ
REVHUYHG WR EH DOWHUHG LQ SHDWODQG VRLO VROXWLRQV DIIHFWHG E\
EXUQLQJ>@VRWKHUHDSSHDUWREHVRPHOLQNDJHVHPHUJLQJ
EHWZHHQVRLOVDQG ULYHUVDW WKHFDWFKPHQWVFDOH7KHVXUYH\V
GHWDLOHG LQ WKLVSDSHUZHUHXQGHUWDNHQDWDJUHDWHUQXPEHURI
VLWHVDQG UHSHDWHGRYHUD ORQJHUSHULRGRI WLPH WKDQSUHYLRXV
VWXGLHV >@ 'HVSLWH WKLV WKH ILQGLQJV ZHUH YHU\ VLPLODU LQ
WHUPV RI FRPPXQLW\ DQG SRSXODWLRQ OHYHO GLIIHUHQFHV EHWZHHQ
EXUQHG DQG XQEXUQHG ULYHUV VXJJHVWLQJ VRPH JHQHUDOLWLHV RI
HFRV\VWHP UHVSRQVH WR XSODQG YHJHWDWLRQ EXUQLQJ %RWK RXU
VWXG\ DQG WKH SUHYLRXV ZRUN RI 5DPFKXQGHU HW DO >@ KDYH
EHHQ XQGHUWDNHQ RQ KHDGZDWHU VHFRQGRUGHU ULYHU
PDFURLQYHUWHEUDWH FRPPXQLWLHV :H QRZ QHHG WR H[SDQG RXU
IRFXV DQG GHWHUPLQH ZKHWKHU SUHVFULEHG EXUQLQJ HIIHFWV
SURSDJDWH IXUWKHU GRZQULYHU DQG LI RWKHU ELRWLF JURXSV VKRZ
VLPLODU UHVSRQVHV 7KH EURDGO\ VLPLODU UHVSRQVHV RI
PDFURLQYHUWHEUDWHV WR WKRVHREVHUYHGE\RWKHUVVWXG\LQJERWK
QRUWKHUQ (XURSHDQ IRUHVWHG V\VWHPV DQG IRUHVWV PRGLILHG E\
ZLOG DQGRU SUHVFULEHG ILUHV LQ 1RUWK $PHULFD LOOXVWUDWH VRPH
SRWHQWLDOO\ JHQHULF HIIHFWV RI SHDWODQG GLVWXUEDQFH DQGRU ILUH
RQDTXDWLFHFRV\VWHPVUHJDUGOHVVRIJHRJUDSKLFDOORFDWLRQ
5LYHU(FRV\VWHPVDQG9HJHWDWLRQ%XUQLQJ
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$FNQRZOHGJHPHQWV
:HWKDQN WKH ODQGRZQHUVDQGJDPHNHHSHUV1DWXUDO(QJODQG
DQG 7KH 1DWLRQDO 7UXVW IRU JUDQWLQJ SHUPLVVLRQ WR DFFHVV WKH
ILHOG VLWHV &DWKHULQH :HDULQJ DQG 1LJHO 7KRPDV SURYLGHG
PXFK DSSUHFLDWHG ILHOG DQG ODERUDWRU\ DVVLVWDQFH :H DUH
JUDWHIXO IRU WKH FRPPHQWV SURYLGHG E\ UHYLHZHUV ZKLFK
HQDEOHGXVWRLPSURYHWKHPDQXVFULSW
$XWKRU&RQWULEXWLRQV
&RQFHLYHG DQG GHVLJQHG WKH H[SHULPHQWV /(% .- 603 -+
3HUIRUPHG WKH H[SHULPHQWV /(% .- ./$ $QDO\]HG WKH GDWD
/(%.-./$:URWHWKHPDQXVFULSW/(%.-603./$-+
5HIHUHQFHV
 9|U|VPDUW\&-0F,QW\UH3%*HVVQHU02'XGJHRQ'3UXVHYLFK$HW
DO*OREDOWKUHDWVWRKXPDQZDWHUVHFXULW\DQGULYHUELRGLYHUVLW\
1DWXUHGRLQDWXUH3XE0HG
 $OODQ-'/DQGVFDSHVDQGULYHUVFDSHV7KHLQIOXHQFHRIODQGXVH
RQ VWUHDP HFRV\VWHPV $QQXDO 5HYLHZ RI (FRORJ\ (YROXWLRQ DQG
6\VWHPDWLFV   GRLDQQXUHYHFROV\V

 3DXO 0- 0H\HU -/  6WUHDPV LQ WKH XUEDQ ODQGVFDSH $QQXDO
5HYLHZRI(FRORJ\DQG6\VWHPDWLFVDQG%LRGLYHUVLW\GRL
DQQXUHYHFROV\V
 8UEDQ0&6NHOO\'.%XUFKVWHG'3ULFH:/RZU\6 6WUHDP
FRPPXQLWLHV DFURVV D UXUDO±XUEDQ ODQGVFDSH JUDGLHQW 'LYHUVLW\ DQG
'LVWULEXWLRQVGRLM[
 )LQQ '6 %RQDGD 1 0~UULD & +XJKHV -0  6PDOO EXW PLJKW\
KHDGZDWHUV DUH YLWDO WR VWUHDP QHWZRUN ELRGLYHUVLW\ DW WZR OHYHOV RI
RUJDQL]DWLRQ-RXUQDORI WKH1RUWK$PHULFDQ%HQWKRORJLFDO6RFLHW\
GRL
 0LQVKDOO*:5HVSRQVHVRIVWUHDPEHQWKLFPDFURLQYHUWHEUDWHV
WR ILUH )RUHVW (FRORJ\ DQG 0DQDJHPHQW   GRL
6
 0LQVKDOO*:5RELQVRQ&7/DZUHQFH'(3RVWILUHUHVSRQVHVRI
ORWLF HFRV\VWHPV LQ <HOORZVWRQH 1DWLRQDO 3DUN 86$ &DQDGLDQ
-RXUQDORI)LVKHULHVDQG$TXDWLF6FLHQFHV±GRL
I
 9LHLUD1.0&OHPHQWV:+*XHYDUD/6-DFREV%)5HVLVWDQFH
DQG UHVLOLHQFH RI VWUHDP LQVHFW FRPPXQLWLHV WR UHSHDWHG K\GURORJLF
GLVWXUEDQFHV DIWHU D ZLOGILUH )UHVKZDWHU %LRORJ\   GRL
M[
 9LHLUD 1.0 %DUQHV 75 0LWFKHOO .$  (IIHFWV RI ZLOGILUH DQG
SRVWILUH IORRGV RQ VWRQHIO\ GHWULWLYRUHV RI WKH 3DMDULWR 3ODWHDX 1HZ
0H[LFR :HVWHUQ 1RUWK $PHULFDQ 1DWXUDOLVW   GRL

 )UHFNOHWRQ537KHSUREOHPVRISUHGLFWLRQDQGVFDOH LQDSSOLHG
HFRORJ\WKHH[DPSOHRIILUHDVDPDQDJHPHQWWRRO-RXUQDORI$SSOLHG
(FRORJ\GRLM[
 <LEDUEXN':KLWHKHDG3-5XVVHO6PLWK.-DFNVRQ'*RGMXZD&HW
DO  )LUH HFRORJ\ DQG DERULJLQDO ODQG PDQDJHPHQW LQ FHQWUDO
$UQKHP /DQG 1RUWKHUQ $XVWUDOLD $ WUDGLWLRQ RI HFRV\VWHP
PDQDJHPHQW-RXUQDORI%LRJHRJUDSK\
 9HUEOH 50 <DQRYLDN 63   6KRUWWHUP HIIHFWV RI SUHVFULEHG
EXUQLQJ RQ DQW +\PHQRSWHUD )RUPLFLGDH DVVHPEODJHV LQ 2]DUN
IRUHVWV$QQDOVRIWKH(QWRPRORJLFDO6RFLHW\RI$PHULFD
GRL$1
 $UNOH 56 3LOOLRG '6  3UHVFULEHG ILUHV DV HFRORJLFDO VXUURJDWHV
IRU ZLOGILUHV $ VWUHDP DQG ULSDULDQ SHUVSHFWLYH )RUHVW (FRORJ\ DQG
0DQDJHPHQWGRLMIRUHFR
 %rFKH/$6WHSKHQV6/5HVK9+(IIHFWVRISUHVFULEHGILUHRQD
6LHUUD 1HYDGD &DOLIRUQLD 86$ VWUHDP DQG LWV ULSDULDQ ]RQH )RUHVW
(FRORJ\ DQG 0DQDJHPHQW   GRLMIRUHFR

 %ULWWRQ '/  7KH EHQWKLF PDFURLQYHUWHEUDWH IDXQD RI D 6RXWK
$IULFDQPRXQWDLQVWUHDPDQGLWVUHVSRQVHWRILUH6RXWK$IULFDQ-RXUQDO
RI$TXDWLF6FLHQFHGRL
 5DPFKXQGHU 6- %URZQ /( +ROGHQ -  5RWDWLRQDO YHJHWDWLRQ
EXUQLQJ HIIHFWV RQ SHDWODQG VWUHDP HFRV\VWHPV -RXUQDO RI $SSOLHG
(FRORJ\GRL
 $QGHUVRQ 5&  7KH KLVWRULF UROH RI ILUH LQ WKH QRUWK DPHULFDQ
JUDVVODQG ,Q6/&ROOLQV//:DOODFH)LUH LQ1RUWK$PHULFDQ7DOOJUDVV
3UDLULHV2NODKRPD8QLYHUVLW\RI2NODKRPD3UHVV
 'DYLV($3UHVFULEHGILUHLQ$UL]RQDFKDSDUUDOHIIHFWVRQVWUHDP
ZDWHU TXDOLW\ )RUHVW (FRORJ\ DQG 0DQDJHPHQW   GRL

 5DPFKXQGHU6-%URZQ/(+ROGHQ- (QYLURQPHQWDOHIIHFWVRI
GUDLQDJH GUDLQEORFNLQJ DQG SUHVFULEHG YHJHWDWLRQ EXUQLQJ LQ 8.
XSODQG SHDWODQGV 3URJUHVV LQ 3K\VLFDO *HRJUDSK\     GRL

 /LPLWHG :(  $VVHPEOLQJ 8. ZLGH GDWD RQ VRLO FDUERQ DQG
JUHHQKRXVHJDVIOX[HVLQWKHFRQWH[WRIODQGPDQDJHPHQW'HIUD
 <DOORS $5 7KDFNHU -, 7KRPDV * 6WHSKHQV 0 &OXWWHUEXFN % HW DO
7KHH[WHQWDQGLQWHQVLW\RIPDQDJHPHQWEXUQLQJLQWKH(QJOLVK
XSODQGV -RXUQDO RI $SSOLHG (FRORJ\   GRLM
[
 6XWKHUODQG :- $UPVWURQJ%URZQ 6 $UPVZRUWK 35 %UHUHWRQ 7
%ULFNODQG-HWDO 7KH LGHQWLILFDWLRQRIHFRORJLFDOTXHVWLRQV
RIKLJKSROLF\UHOHYDQFHLQWKH8.-RXUQDORI$SSOLHG(FRORJ\
GRLM[
 *UDQW 0& 0DOODUG - /HLJK 6 7KRPSVRQ 36  7KH FRVWV DQG
EHQHILWVRIJURXVHPRRUPDQDJHPHQWWRELRGLYHUVLW\DQGDVSHFWVRIWKH
ZLGHUHQYLURQPHQWDUHYLHZ6DQG\8.563%SS
 *ODYHV'0RUHFURIW0)LW]JLEERQ&2ZHQ03KLOOLSV6HWDO
7KH HIIHFWV RI PDQDJHG EXUQLQJ RQ XSODQG SHDWODQG ELRGLYHUVLW\
FDUERQ DQG ZDWHU 1DWXUDO (QJODQG (YLGHQFH 5HYLHZ 1((5
3HWHUERURXJK8.
 (YDQV 0 :DUEXUWRQ -   7KH *HRPRUSKRORJ\ RI 8SODQG 3HDW
3DWWHUQ3URFHVV)RUP:LOH\%ODFNZHOO
 :RRG3-$UPLWDJH3'%LRORJLFDOHIIHFWVRIILQHVHGLPHQWLQWKH
ORWLF HQYLURQPHQW (QYLURQ 0DQDJH     GRL
V3XE0HG
 :RUUDOO)$UPVWURQJ$$GDPVRQ-.7KHHIIHFWVRIEXUQLQJDQG
VKHHSJUD]LQJRQZDWHU WDEOHGHSWKDQGVRLOZDWHUTXDOLW\ LQDXSODQG
SHDW -RXUQDO RI +\GURORJ\   GRLMMK\GURO

 &OD\ *' :RUUDOO ) &ODUN ( )UDVHU ('*  +\GURORJLFDO
UHVSRQVHVWRPDQDJHGEXUQLQJDQGJUD]LQJ LQDQXSODQGEODQNHWERJ
-RXUQDORI+\GURORJ\GRLMMK\GURO
 +ROGHQ-:HDULQJ&3DOPHU6-DFNVRQ%-RKQVWRQ.HWDOLQSUHVV
)LUHGHFUHDVHVQHDUVXUIDFHK\GUDXOLFFRQGXFWLYLW\DQGPDFURSRUHIORZ
LQEODQNHWSHDW+\GURORJLFDO3URFHVVHVGRLK\S
 +ROGHQ - &KDSPDQ 3- 3DOPHU 60 .D\ 3 *UD\VRQ 5  7KH
LPSDFWVRISUHVFULEHGPRRUODQGEXUQLQJRQZDWHUFRORXUDQGGLVVROYHG
RUJDQLF FDUERQ $ FULWLFDO V\QWKHVLV - (QYLURQ 0DQDJH  
3XE0HG
 &OD\*':RUUDOO)$HELVFKHU1-'RHVSUHVFULEHGEXUQLQJRQ
SHDW VRLOV LQIOXHQFH '2& FRQFHQWUDWLRQV LQ VRLO DQG UXQRII ZDWHUV"
5HVXOWV IURP D  \HDU FKURQRVHTXHQFH -RXUQDO RI +\GURORJ\ 

 &OD\*':RUUDOO))UDVHU('*&RPSRVLWLRQDOFKDQJHVLQVRLO
ZDWHU DQG UXQRII ZDWHU IROORZLQJ PDQDJHG EXUQLQJ RQ D 8. XSODQG
EODQNHWERJ-RXUQDORI+\GURORJ\GRLMMK\GURO

 $UPLWDJH 3' 0DF+DOH $0 &ULVS '&  $ VXUYH\ RI WKH
LQYHUWHEUDWHV RI IRXU VWUHDPV LQ 7KH 0RRU +RXVH 1DWLRQDO 1DWXUDO
5HVHUYH LQ 1RUWKHUQ (QJODQG )UHVKZDWHU %LRORJ\     GRL
MWE[
 5DPFKXQGHU6-%URZQ/(+ROGHQ-/DQJWRQ5 6SDWLDODQG
6HDVRQDO 9DULDELOLW\ RI SHDWODQG 6WUHDP (FRV\VWHPV (FRK\GURORJ\ 

 5DPFKXQGHU6-%URZQ/(+ROGHQ-&DWFKPHQWVFDOHSHDWODQG
UHVWRUDWLRQEHQHILWV VWUHDPHFRV\VWHPELRGLYHUVLW\ -RXUQDO RI$SSOLHG
(FRORJ\GRLM[
 0LKXF 7% 0LQVKDOO *:  7URSKLF JHQHUDOLVWV YV WURSKLF
VSHFLDOLVWV  ,PSOLFDWLRQV IRU IRRGZHE G\QDPLFV LQ SRVWILUH VWUHDPV
(FRORJ\GRL
 3DZOH\ 6 'REVRQ 0 )OHWFKHU 0  *XLGH WR %ULWLVK )UHVKZDWHU
0DFURLQYHUWHEUDWHV IRU %LRWLF $VVHVVPHQW $PEOHVLGH &XPEULD
)UHVKZDWHU%LRORJLFDO$VVRFLDWLRQSS
 6LPSVRQ (+  0HDVXUHPHQW RI GLYHUVLW\ 1DWXUH   GRL
D
5LYHU(FRV\VWHPVDQG9HJHWDWLRQ%XUQLQJ
3/2621(_ZZZSORVRQHRUJ  1RYHPEHU_9ROXPH_,VVXH_H
 0RRJ 2  )DXQD $TXDWLFD $XVWULDFD :LHQ
:DVVHUZLUWVFKDIWVNDWDVWHU %XQGHVPLQLVWHULXP IXU /DQG XQG
)RUVWZLUWVFKDIW
 0H\HUV/6*DPVW**XDULQR$$SSOLHGPXOWLYDULDWHUHVHDUFK
'HVLJQDQGLQWHUSUHWDWLRQ7KRXVDQG2DNV&$6DJH3XEOLVKHUV
 2NVDQHQ -  9HJDQ 5 IXQFWLRQV IRU YHJHWDWLRQ HFRORJLVWV
$YDLODEOH KWWSFFRXOXILaMDULRNVDVRIWKHOSYHJDQKWPO $FFHVVHG

 /HJHQGUH3/HJHQGUH/1XPHULFDO(FRORJ\(OVHYLHUSS
 2UPHURG6-5XQGOH6'/OR\G(&'RXJODV$$7KH LQIOXHQFH
RIULSDULDQPDQDJHPHQWRQWKHKDELWDWVWUXFWXUHDQGPDFURLQYHUWHEUDWH
FRPPXQLWLHV RI XSODQG VWUHDPV GUDLQLQJ SODQWDWLRQ IRUHVWV -RXUQDO RI
$SSOLHG(FRORJ\GRL
 :HDWKHUOH\ 16 2UPHURG 6-  7KH LPSDFW RI DFLGLILFDWLRQ RQ
PDFURLQYHUWHEUDWH DVVHPEODJHV LQ ZHOVK VWUHDPV 7RZDUGV DQ
HPSLULFDO PRGHO (QYLURQ 3ROOXW   GRL
3XE0HG
 .UHPHQ&0DQDJLQJHFRV\VWHPVHUYLFHVZKDWGRZHQHHG WR
NQRZ DERXW WKHLU HFRORJ\" (FRO /HWW   GRLM
[3XE0HG
 2UPHURG6-(GZDUGV5:7KHRUGLQDWLRQDQGFODVVLILFDWLRQRI
PDFURLQYHUWHEUDWHDVVHPEODJHV LQ WKHFDWFKPHQWRI WKH5LYHU:\H LQ
UHODWLRQWRHQYLURQPHQWDOIDFWRUV)UHVKZDWHU%LRORJ\GRL
MWE[
 6XWFOLIIH ': &DUULFN 75  6WXGLHV RQ PRXQWDLQ VWUHDPV LQ WKH
HQJOLVK/DNH'LVWULFW,S+FDOFLXPDQGWKHGLVWULEXWLRQRILQYHUWHEUDWHV
LQ WKH 5LYHU 'XGGRQ )UHVKZDWHU %LRORJ\   GRLM
WE[
 +HUUPDQQ - $QGHUVVRQ .  $OXPLQLXP LPSDFW RQ UHVSLUDWLRQ RI
ORWLFPD\IOLHVDWORZS+:DWHU$LUDQG6RLO3ROOXWLRQGRL
%)
 )LDQFH 6%  (IIHFWV RI S+ RQ WKH ELRORJ\ DQG GLVWULEXWLRQ RI
(SKHPHUHOOD IXQHUDOLV (SKHPHURSWHUD 2LNRV   GRL

 +HDO .9  0DQJDQHVH DQG ODQGXVH LQ XSODQG FDWFKPHQWV LQ
6FRWODQG 6FL 7RWDO (QYLURQ   GRL
63XE0HG
 1\EHUJ 3 $QGHUVVRQ 3 'HJHUPDQ ( %RUJ + 2ORIVVRQ ( 
/DELOHLQRUJDQLFPDQJDQHVHDQRYHUORRNHGUHDVRQIRUILVKPRUWDOLW\LQ
DFLGLILHG VWUHDPV" :DWHU $LU DQG 6RLO 3ROOXWLRQ   GRL
%)
 0LQVKDOO*:5R\HU795RELQVRQ&75HVSRQVHRI WKH&DFKH
&UHHN PDFURLQYHUWHEUDWHV GXULQJ WKH ILUVW  \HDUV IROORZLQJ
GLVWXUEDQFH E\ WKH  <HOORZVWRQH ZLOGILUHV &DQDGLDQ -RXUQDO RI
)LVKHULHVDQG$TXDWLF6FLHQFHVGRLI
 9XRUL .0 -RHQVXX , /DWYDOD - -XWLOD ( $KYRQHQ $  )RUHVW
GUDLQDJHDWKUHDWWREHQWKLFELRGLYHUVLW\RIERUHDOKHDGZDWHUVWUHDPV"
$TXDWLF&RQVHUYDWLRQ0DULQHDQG)UHVKZDWHU(FRV\VWHPV
GRL6,&,
 7DOOLV-+)LUHDQGIORRGDW+ROPH0RVVHURVLRQSURFHVVHVLQDQ
XSODQG EODQNHW PLUH -RXUQDO RI (FRORJ\     GRL

 7XFNHU *  5HYLHZ RI WKH LPSDFWV RI KHDWKHU DQG JUDVVODQG
EXUQLQJ LQ WKH XSODQGV RQ VRLOV K\GURORJ\ DQG ELRGLYHUVLW\ (QJOLVK
1DWXUH3HWHUERURXJK8.SS
 /HGJHU 0 +LOGUHZ $*  7HPSRUDO DQG VSDWLDO YDULDWLRQ LQ WKH
HSLOLWKLFELRILOPRIDQDFLGVWUHDP)UHVKZDWHU%LRORJ\GRL
M[
 +LOGUHZ $* 7RZQVHQG &5 )UDQFLV - )LQFK .  &HOOXORO\WLF
GHFRPSRVLWLRQ LQ VWUHDPV RI FRQWUDVWLQJ S+ DQG LWV UHODWLRQVKLS ZLWK
LQYHUWHEUDWHFRPPXQLW\VWUXFWXUH)UHVKZDWHU%LRORJ\GRL
MWE[
 /HGJHU0(+LOGUHZ$*+HUELYRU\LQDQDFLGVWUHDP)UHVKZDWHU
%LRORJ\GRLM[
 /D\HU.5LHGH-+LOGUHZ$*:RRGZDUG*)RRGZHEVWUXFWXUH
DQG VWDELOLW\ LQ  VWUHDPV DFURVV D ZLGH S+ JUDGLHQW $GYDQFHV LQ
(FRORJLFDO 5HVHDUFK   GRL
%
 :RUUDOO)$GDPVRQ-.7KHHIIHFWRIEXUQLQJDQGVKHHSJUD]LQJ
RQVRLOZDWHUFRPSRVLWLRQLQDEODQNHWERJHYLGHQFHIRUVRLOVWUXFWXUDO
FKDQJHV"+\GURORJLFDO3URFHVVHV
5LYHU(FRV\VWHPVDQG9HJHWDWLRQ%XUQLQJ
3/2621(_ZZZSORVRQHRUJ  1RYHPEHU_9ROXPH_,VVXH_H
